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Abstract

Background: Although guidelines recommend gradual blood pres-
sure (BP) reduction in asymptomatic markedly elevated BP (AME-
BP), short-acting oral antihypertensives are often used despite limited
evidence - driven by healthcare providers’ concerns or institutional
policies - thereby increasing system burden. This study aimed to iden-
tify practical regimens enabling safe, timely discharge and continuity
of care.

Methods: This retrospective cohort included patients with AMEBP
(systolic BP > 180 mm Hg and/or diastolic BP > 110 mm Hg), who
presented to the emergency department (ED) of Lampang Hospital
between January and December 2023. Oral regimens included cap-
topril, hydralazine, metoprolol (25 mg each), or combinations. The
outcome was mean arterial pressure (MAP) reduction within 60 min,
classified as no reduction (< 10%), appropriate reduction (10-15%),
or over-reduction (> 15%). Inverse probability of treatment weighting
(IPTW) adjusted for regimen selection, and multinomial odds ratios
(mORs) with 95% confidence intervals (CIs) were reported.

Results: Among 158 patients (mean age 60 years; 67.1% female),
baseline MAP was 142.4 + 16.2 mm Hg. Captopril and hydralazine
monotherapy were most likely to achieve appropriate reduction (cap-
topril: mOR: 2.91; 95% CI: 0.96, 8.76; P = 0.058; hydralazine: mOR:
2.76; 95% CI: 0.84, 9.11; P = 0.096). Metoprolol was associated with
inappropriate response, while captopril plus hydralazine had highest
odds of over-reduction (mOR: 3.04; 95% CI: 1.02, 9.00; P = 0.045).
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Conclusions: Although urgent BP reduction is not routinely recom-
mended in the ED, oral captopril appears to be a reasonable first-line
option when clinically necessary, while hydralazine may be a suitable
alternative. Combination of these two drugs should be used with cau-
tion due to the risk of excessive MAP reduction.
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Introduction

High blood pressure (BP) poses a significant health burden in
upper-middle-income countries, contributing to cardiovascular
mortality of up to 143 per 100,000 population, more than dou-
ble that observed in high-income countries (64 per 100,000)
[1]. Notably, rising systolic blood pressure (SBP) is associated
with a steeper increase in the hazard of stroke and cardiovas-
cular disease in Asian populations compared with Caucasians
[2], underscoring the disproportionate burden of hypertension
in this region.

In Thailand, the northern region reports the highest preva-
lence of hypertension (33%), followed by the southern (28%),
central and Bangkok regions (both 23%), and the northeast-
ern region (21%) [3-6]. Extensive evidence has consistently
supported a causal relationship between salt intake and BP [7-
11]. In the northern region, individuals consume an average of
3,044.1 mg of sodium [4, 5] and 10.8 g of salt [6], exceeding
the World Health Organization (WHO) recommended limits
of less than 2,000 mg of sodium and 5 g of salt per day, re-
spectively [4, 6]. Moreover, uncontrolled BP is often attributed
to multifactorial causes [10]. At Lampang Hospital, approxi-
mately 500 cases of asymptomatic markedly elevated blood
pressure (AMEBP) - formerly referred to as hypertensive ur-
gency [12-15] - are seen annually in the emergency department
(ED), with 75% referred from outpatient departments (OPDs).

Despite recommendations for gradual BP reduction over
several days to weeks [12-15], ED-based lowering is frequent-
ly undertaken due to institutional policies and provider con-
cerns. However, prior Thai studies have several limitations: 1)
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Most focused solely on absolute differences in SBP, diastolic
BP (DBP), or mean arterial pressure (MAP) [16, 17] without
defining an appropriate percentage range of reduction; 2) Some
applied overly aggressive strategies, reducing 20-30% of rest-
ing MAP [18]; 3) Others initiated antihypertensive therapy in
mixed populations, of which hypertensive urgency accounted
for only about 9% [19]; 4) Most employed only basic regres-
sion with confounder adjustment; and 5) None accounted for
the multinomial nature of outcomes - no reduction, appropriate
reduction, and over-reduction - leading to statistically inappro-
priate analyses.

In light of these limitations, there remains a gap between
evidence-based recommendations and real-world clinical
practice. Additionally, about half of AMEBP patients cannot
return to a specialist clinic on the same day; follow-up is often
delayed by 1 to 2 weeks, and some patients travel up to 120
km to the hospital. These challenges highlight the need to iden-
tify short-acting oral antihypertensive regimens that achieve
appropriate BP reduction while maintaining safety in the ED.

Materials and Methods

Study design

This observational cohort study was conducted in the ED of
Lampang Hospital, a tertiary care center that receives ap-
proximately 75,000 ED visits annually, of which around 500
involve cases of AMEBP. Between January and December
2023, patients presenting with AMEBP, either referred from
the OPDs or self-presenting to the ED, underwent initial evalu-
ation including vital signs, followed by secondary assessment
comprising history taking and a focused physical examination
for hypertension-mediated organ damage (HMOD). All pa-
tients received a 12-lead electrocardiography (ECG), and in
selected cases, estimated glomerular filtration rate (¢GFR) was
measured or recent outpatient values were reviewed.

Lampang Hospital ED protocol

Asymptomatic patients incidentally found to have an SBP >
180 mm Hg and/or a DBP > 110 mm Hg [12-15] were man-
aged in accordance with a standardized ED protocol. At triage,
BP was measured by a triage nurse using an automated oscil-
lometric sphygmomanometer - which automatically calculated
the MAP - while the patient was seated after a 5-min rest. The
cuff size was selected according to the American Heart Asso-
ciation (AHA) guidelines [20]. If the BP remained > 180/110
mm Hg, the patient was transferred to the ED observation unit
(EDOU) - a quiet and separate area intended to facilitate rest -
for an additional 15 min of bed rest. The BP remeasured after
this period was defined as the “resting BP.”

To ensure safety and avoid over-reduction, we prespeci-
fied an ED target of a 10-15% decrease in MAP from the resting
BP [15]. Our stepwise rationale was as follows: 1) The recom-
mended early reduction for hypertensive emergency is 20-25%
over several hours, which is not appropriate for AMEBP; 2) Our

department’s initial consensus considered a 15-20% range; 3)
We considered a 20% reduction too close to emergency thresh-
olds, posing a potential risk of over-reduction in AMEBP; 4) We
consequently adopted a 10-15% target, consistent with contem-
porary guidance summarized in the 2024 European Society of
Cardiology (ESC) hypertension guideline [15]; and 5) Opera-
tionally, after a period of rest, patients whose BP spontaneously
fell within the 10-15% target were returned to the OPD without
pharmacologic treatment, whereas persistent elevation prompt-
ed an AMEBP diagnosis and administration of short-acting oral
antihypertensives in the EDOU.

The selection of antihypertensive agents was based on pa-
tient age, renal function, and pulse rate. First, patients were
stratified by age (< 80 vs. > 80 years) and renal function (¢eGFR
> 60 vs. < 60 mL/min/1.73 m?).

For patients under 80 years of age with an eGFR > 60 mL/
min/1.73 m?, pulse rate determined the choice of oral medica-
tion: 1) If pulse > 80 beats per minute (bpm), four regimens
were considered: captopril 25 mg, hydralazine 25 mg, meto-
prolol 25 mg, or their combinations; 2) If pulse < 80 bpm, me-
toprolol was contraindicated, leaving three options: captopril,
hydralazine, or their combination.

For patients aged 80 years or older, or with eGFR <60 mL/
min/1.73 m?, captopril was avoided due to safety concerns: 1)
If pulse > 80 bpm, available options included hydralazine 25
mg, metoprolol 25 mg, or their combination; 2) If pulse < 80
bpm, only hydralazine 25 mg was used.

It is noted that this protocol was applied flexibly under
the structured approach; the final selection of medication also
considered resting BPs, patients’ overall conditions, and physi-
cians’ preferences.

Participant and data collection
Participants

Asymptomatic adults aged 18 years or older with SBP > 180
mm Hg and/or DBP > 110 mm Hg were eligible for inclu-
sion. Exclusion criteria comprised missing structured BP re-
cords, management not following the Lampang Hospital ED
protocol, presence of HMOD after focused assessment, acute
trauma, severe pain contributing to transient BP elevation,
recent alcohol or illicit drug use, psychiatric conditions, and
pregnancy.

Endpoints

BP was recorded at 30 and 60 min after the administration of
the antihypertensive regimens. The primary endpoint was the
percentage reduction in MAP at 60 min, calculated as: (resting
MAP - MAP at 60 min)/resting MAP x 100.

Outcomes were categorized into three groups: minimal-
to-no reduction (< 10%), appropriate reduction (10-15%), and
over-reduction (> 15%), using the minimal-to-no reduction
group as the reference.
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Study size estimation

The required sample size was estimated through pairwise
comparisons of the proportions of appropriate MAP reduction
across six regimens, using data from a pilot study involving
30 patients. The calculated sample sizes varied widely and
were impractical for certain regimen pairs, particularly for the
comparison between captopril + metoprolol and hydralazine
+ metoprolol, which required up to 745 vs. 1,211 participants.
Therefore, the comparison between captopril alone (58%) and
hydralazine alone (25%) was adopted as the reference for sam-
ple size estimation. Using a one-sided test with an alpha error
of 5%, power of 80%, and a 1:1 allocation ratio, the required
sample size was determined to be 33 patients per group. This
number was sufficient to accommodate other relevant pairwise
comparisons, including captopril alone vs. metoprolol alone,
captopril alone vs. captopril + metoprolol, and captopril alone
vs. hydralazine + metoprolol.

Statistical analysis

Baseline characteristics were compared across the six antihy-
pertensive regimens. Categorical variables were analyzed us-
ing the exact probability test, and continuous variables were
assessed using one-way analysis of variance (ANOVA).

Treatment selection varied according to physician dis-
cretion and patient-specific indications or contraindications,
resulting in unequal group sizes. To mitigate selection bias,
inverse probability of treatment weighting (IPTW) incorporat-
ing covariates (sex, age, pulse rate, and eGFR) was applied.
Stabilized weights were generated to improve comparability
among treatment groups by balancing baseline characteristics.

Outcomes were classified into three levels: minimal-to-no
reduction (reference), appropriate reduction, and over-reduc-
tion. Multinomial logistic regression was used to estimate the
effectiveness of all regimens simultaneously within a single
analytical model. Results were presented as multinomial odds
ratios (mORs) with corresponding 95% confidence intervals
(CIs) and P values.

All statistical analyses were performed using Stata, ver-
sion 18 (StataCorp, College Station, TX, USA).

The study protocol was registered with the Thai Clinical
Trials Registry (TCTR) (TCTR20250810001) and approved
by the Institutional Review Board of Lampang Hospital
(CERT No. 159/67; approved December 27, 2024, valid un-
til December 26, 2025). Informed consent was waived due to
the observational design, and all patient data were anonymized
before analysis. The study was conducted in accordance with
institutional ethical standards and the principles of the Decla-
ration of Helsinki and its subsequent amendments.

Results

Between January and December 2023, after exclusion, a to-
tal of 158 eligible patients were analyzed. Most were female
(67.1%) with a mean age of 60 years. Six antihypertensive

regimens were included, with varying sample sizes due to be-
ing observational in nature. Patients in the hydralazine mono-
therapy group were older and had the lowest eGFR. Higher
pulse rates were observed in those receiving metoprolol alone
and hydralazine plus metoprolol. The captopril plus metopro-
lol group had the highest values for both initial and resting
DBP (Fig. 1, Table 1).

At 60 min after antihypertensive administration, the cap-
topril plus hydralazine regimen yielded the greatest crude
percentage reduction in MAP, with a median of -13.64% (in-
terquartile range (IQR): -20.88 to -10.74). In contrast, meto-
prolol monotherapy showed minimal change, with a median of
-2.79% (IQR: -13.03 to 2.04) (Table 2).

After multinomial logistic regression using the minimal-to-
no reduction group as the reference and adjusting for confound-
ers (IPTW applied as previously described), captopril mono-
therapy showed the highest likelihood of achieving appropriate
MAP reduction (mOR: 2.91; 95% CI: 0.96, 8.76; P=0.058), fol-
lowed by hydralazine monotherapy (mOR: 2.76; 95% CI: 0.84,
9.11; P=0.096). The combination of captopril and hydralazine
yielded the highest odds for MAP over-reduction (mOR: 3.04;
95% CI: 1.02, 9.00; P = 0.045). In contrast, metoprolol mono-
therapy demonstrated significantly lower odds of achieving ap-
propriate MAP reduction (mOR: 0.09; 95% CI: 0.02, 0.42; P =
0.002) and was also less likely to result in MAP over-reduction
(mOR: 0.20; 95% CI: 0.06, 0.68; P=0.010), indicating an over-
all negligible effect on MAP (Table 3).

No adverse events or complications were observed across
any antihypertensive regimens; however, the relatively small
sample size limits definitive conclusions regarding safety (Ta-
ble 4).

Discussion

A multicenter study in the United States reported that lowering
BP in the ED did not improve clinical outcomes [21], consist-
ent with the recently published 2025 AHA/American College
of Cardiology (ACC) guideline [22], which redefines AMEBP
as “severe hypertension without evidence of acute target or-
gan damage” and reiterates that BP reduction in the ED is not
routinely recommended. Given that northern Thailand has the
highest prevalence of severe hypertension nationwide [3-6],
both our study and prior regional investigations [16, 18] in-
cluded patients with AMEBP and implemented BP reduction.
Although we recognize that urgent BP lowering is generally
unnecessary, our practice was nevertheless mandated by insti-
tutional directives and providers’ concerns. To ensure patient
safety under these conditions, we targeted a modest 10-15%
reduction in resting MAP, measured 1 h after antihypertensive
administration.

In real-world practice, approximately 75% of AMEBP
cases are referred from OPDs, and nearly half cannot be seen
by a specialist on the same day; follow-up is often delayed by
1 to 2 weeks. Our study therefore aimed for a modest MAP
reduction that would allow patients to safely return to OPD
care in a timely manner. Because all participants were asymp-
tomatic, a comprehensive HMOD evaluation was not pursued.
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Adults with asymptomatic markedly elevated blood pressure
(AMEBP), Jan—-Dec 2023 (n = 487)

Excluded (n = 316)
- No structured BP record (n = 146)

- Not managed according to the

A 4

Lampang Hospital ED protocol (n = 73)

Demographic and baseline data: sex, age, underlying disease,
current medications, creatinine, eGFR

- Presence of HMOD
after focused assessment (n = 7)

A\

- Acute trauma (n = 37)

- Severe pain (n = 22)

- Recent alcohol or illicit drug use (n = 18)
- Psychiatric conditions (n = 8)

(n=171)

Initial SBP, DBP, MAP, PR

- Pregnancy (n = 5)

| Excluded (n=13)

30-min rest

A 4

Eligible patients

- Spontaneous BP reduction after rest

(n =158)

v v v v A v
Captopril Hydralazine Metoprolol Captopril + Captopril + Hydralazine +
alone alone alone Hydralazine Metoprolol Metoprolol

(n=30) (n=34) (n=20) (n=32) (n=16) (n = 26)

A4

| 60-min SBP, DBP, MAP, PR (post-drugs administration) |

A4 A4

A

Minimal-to-no MAP reduction
(<10% of resting MAP)

Appropriate MAP reduction
(10-15% of resting MAP)

Over-reduction of MAP
(>15% of resting MAP)

Figure 1. Study flow diagram. BP: blood pressure; ED: emergency department; HMOD: hypertension-mediated organ damage;
eGFR: estimated glomerular filtration rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial

pressure; PR: pulse rate.

Instead, we performed a focused assessment comprising a pri-
mary survey, history taking, physical examination, a 12-lead
ECG, and eGFR to compare renal function with prior values. A
full HMOD workup, as recommended by guidelines [12-15],
is time-consuming, costly, and provides limited cost-effective-
ness in this context; therefore, extensive investigations were
deemed unnecessary in the ED setting.

Captopril, a short-acting angiotensin-converting enzyme
(ACE) inhibitor, lowers BP by inhibiting the conversion of
angiotensin [ to angiotensin II, resulting in vasodilation and
decreased aldosterone secretion. It is well absorbed orally,
reaching peak plasma concentrations within 1 h [23]. Al-
though captopril can be used cautiously in patients with
chronic kidney disease (CKD) [24], the Lampang Hospi-
tal ED protocol prioritizes safety; thus, an eGFR < 60 mL/
min/1.73 m? was considered a contraindication in this study.
Captopril ranked among the top two agents for achieving
appropriate MAP reduction, with borderline statistical sig-
nificance - an effect suggesting a possible trend that warrants
confirmation in larger studies. This result aligns with prior

research supporting the use of 25 mg oral captopril for AME-
BP management [25, 26].

Hydralazine, a direct arteriolar vasodilator, represents an-
other viable option for BP control. Its effects typically begin
within 20 to 30 min after oral administration, and it is safe for
use in patients with CKD, including those on maintenance di-
alysis [27, 28]. In this study, hydralazine demonstrated a com-
parable trend toward appropriate MAP reduction, although the
effect did not reach statistical significance. When captopril is
contraindicated, 25 mg oral hydralazine may be considered a
suitable alternative.

The combination of captopril and hydralazine was as-
sociated with a statistically significant over-reduction in
MAP, raising safety concerns regarding potential complica-
tions such as hypotension, transient ischemic attack, stroke,
and myocardial infarction [29, 30]. This finding underscores
the need for caution and highlights the importance of further
confirmatory studies to evaluate the safety profile of combi-
nation therapy.

Metoprolol monotherapy exhibited significantly reduced
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Table 2. Crude Percent Reduction in Mean Arterial Pressure
(MAP) Across Antihypertensive Regimens

Percent MAP reduc-
tion, median (P25, P75)

-11.55 (-14.14, -5.64)
-11.86 (-16.57, -6.62)
-2.79 (-13.03, 2.04)
-13.64 (-20.88, -10.74)
-8.86 (-23.41, 1.86)
-11.96 (-18.09, -3.08)

Antihypertensive regimens

Captopril alone (n = 30)
Hydralazine alone (n = 34)
Metoprolol alone (n = 20)
Captopril + hydralazine (n = 32)
Captopril + metoprolol (n = 16)
Hydralazine + metoprolol (n = 26)

likelihood of achieving appropriate MAP reduction and was
less likely to cause MAP over-reduction, indicating an overall
negligible effect on BP. This may be attributed to the low dose

used in this study (25 mg orally), which could not be escalated
due to safety concerns, particularly the risk of bradycardia.
These findings align with current guidelines, which do not rec-
ommend beta-blockers as a first-line option for the outpatient
management of severe hypertension. However, metoprolol
may still be considered as an adjunct to other antihypertensive
agents or in select clinical situations [12-15].

Traditional propensity score methods such as matching
or stratification could not be applied in this study because of
absolute treatment indications and contraindications defined
by the Lampang Hospital ED protocol. Instead, we applied
IPTW [31] with confounder adjustment - a propensity score-
based approach - to upweight patients who received less likely
treatments and downweight those who received more likely
ones. We subsequently employed multinomial logistic regres-
sion, which is well-suited for the three categorical outcomes:
minimal-to-no reduction (baseline), appropriate reduction,

Table 3. Multinomial Odds Ratios for Appropriate and Over-Reduction Across Antihypertensive Regimens (IPTW-Adjusted), Using

Minimal-to-No Reduction as Baseline

Antihypertensive regimens ﬁﬁ;s:zgggi for 95% CI P value

Reference group (< 10% MAP reduction)

Appropriate MAP reduction (10-15% of resting MAP)
Captopril alone 291 0.96, 8.76 0.058
Hydralazine alone 2.76 0.84,9.11 0.096
Metoprolol alone 0.09 0.02, 0.42 0.002
Captopril + hydralazine 1.99 0.65, 6.05 0.225
Captopril + metoprolol 0.54 0.11, 2.64 0.446
Hydralazine + metoprolol 0.68 0.23,1.98 0.477

Over-reduction (> 15% of resting MAP)
Captopril alone 0.93 0.28,3.12 0.903
Hydralazine alone 2.16 0.65,7.19 0.209
Metoprolol alone 0.20 0.06, 0.68 0.010
Captopril + hydralazine 3.04 1.02, 9.00 0.045
Captopril + metoprolol 0.86 0.31,2.38 0.778
Hydralazine + metoprolol 1.69 0.48,5.93 0.416

A multinomial logistic regression model was used, adjusted for confounding by indication and contraindication through IPTW. The minimal-to-no re-
duction group (< 10% MAP reduction) served as the reference category. mOR: multinomial odds ratio; MAP: mean arterial pressure; Cl: confidence

interval; IPTW: inverse probability of treatment weighting.

Table 4. Post-Treatment Adverse Events by Antihypertensive Regimens

Captopril Hydralazine Metoprolol Captopril + Captopril + Hydralazine +
Adverse events (n =30), (n =34), (n =20), hydralazine metoprolol metoprolol P value
n (%) n (%) n (%) (n=32), n (%) (n=16), n (%) (n=26), n (%)
Hypotension 0 0 0 0 0 0 NA
Bradycardia 0 0 0 0 0 0 NA
Chest pain 0 0 0 0 0 0 NA
Fainting/syncope 0 0 0 0 0 0 NA
Dizziness 0 0 0 0 0 0 NA
Drug allergy 0 0 0 0 0 0 NA
NA: not applicable; no events occurred across groups.
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and over-reduction. Unlike binary logistic regression, which
requires collapsing outcomes and analyzing them in pairs,
multinomial logistic regression models all outcome catego-
ries simultaneously within a single framework. This approach
utilizes the entire dataset to improve statistical efficiency and
power by preserving information across all categories, ensur-
ing consistent variance estimation, and minimizing the inflated
type I error that can result from multiple pairwise comparisons
[32-34].

A key limitation of this study is its relatively small sample
size. Although the initial cohort included nearly three times
the number of eligible patients, many were excluded due to
missing structured BP records or deviation from the institu-
tional protocol. Moreover, being a single-center retrospec-
tive study may limit the generalizability of the findings. The
analysis focused solely on short-term outcomes, specifically
MAP reduction, without subsequent assessment of revisits or
readmissions. Potential unmeasured confounders - such as co-
morbidities, baseline antihypertensive therapy, medication ad-
herence, and lifestyle factors - could not be fully controlled.
Future multicenter prospective studies with extended follow-
up are needed to confirm these results and evaluate long-term
safety profiles.

The study provides practical insight into real-world ED
management of AMEBP. Preferably, a coordinated approach
involving the OPD, ED, relevant specialists, and hospital lead-
ership should be implemented to reduce unnecessary ED re-
ferrals for BP control alone. Official communication, gradual
organizational learning, cultural adaptation, and continuous
knowledge sharing remain essential for achieving sustainable
improvement in hypertension management.

Conclusions

Current guidelines discourage urgent BP reduction in the ED;
however, institutional protocols or clinical necessity may oc-
casionally require acute pharmacologic treatment. In such
cases, oral captopril 25 mg appears to be a reasonable first-line
option, while oral hydralazine 25 mg may serve as a suitable
alternative. Caution is warranted when combining these two
agents due to the risk of excessive MAP reduction, though
confirmatory prospective studies are needed to validate these
findings.
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